INTRODUCTION {#s1}
============

Stroke is the fifth leading cause of death, accounting for the adult acute onset and long-term disability worldwide.^[@R1]^ Currently, the burden of stroke in China, Africa, and South America is greater than that in other continents.^[@R2]^ After stroke, the patients may experience disruptions in their daily functions, causing poor life quality.^[@R3]--[@R5]^ Several risk factors on the progression of stroke have already been deduced, whereas high residual risk on stroke in patients with coronary artery syndromes (CAS) is yet to be elucidated.^[@R6]--[@R13]^ Therefore, an additional effective strategy should be used to reduce the residual risk of stroke in CAS patients.

Previous studies demonstrated that CAS patients had a heightened risk of ischemic strokes.^[@R14],[@R15]^ Modifiable risk factors should be used for providers and patients through lifestyle and medication management to reduce the risk of stroke.^[@R16],[@R17]^ In addition, lipid-lowering therapy has been established for high-risk patients, and achieving low-density lipoprotein \<70 mg/mL was associated with additional benefit in patients with ischemic heart disease or equivalent high-risk status.^[@R18]--[@R20]^ Several meta-analyses have demonstrated the additional benefits of intensive lipid-lowering therapy, whereas the potential benefits of intensive versus standard statin therapy on the risk of stroke remain inconclusive.^[@R21]--[@R24]^ Moreover, whether the effects of intensive statin therapy are optimal in CAS patients according to patients\' characteristics are yet unknown. Therefore, the current meta-analysis recruited a total of 39,612 CAS patients from 5 randomized controlled trials (RCTs) was conducted to determine any potential benefit of intensive versus standard statin therapy on the risk of stroke.

METHODS {#s2}
=======

Data Sources, Search Strategy, and Selection Criteria {#s2-1}
-----------------------------------------------------

This review was conducted and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Statement issued in 2009.^[@R25]^ The studies that were designed as RCTs and evaluated the therapeutic effect of intensive versus standard statin therapy on stroke were eligible for this meta-analysis, without restrictions placed on the publication language and status. We systematically searched PubMed, Embase, the Cochrane library, and [clinicaltrials.gov](http://clinicaltrials.gov) for RCTs that investigated the effect of intensive versus standard lipid-lowing therapy in CAS patients on the risk of stroke, using the following medical search terminology: ("statin" or "HMG-CoA reductase inhibitor" or "atorvastatin" or "simvastatin" or "pravastatin" or "fluvastatin" or "lovastatin" or "rosuvastatin") AND ("intensive" or "high dose") AND "RCTs." Subsequently, the reference lists from the retrieved studies were examined to identify additional potentially eligible studies.

The study selection was independently conducted by 2 reviewers, and discrepancies were resolved by discussion until a consensus was achieved. The inclusion criteria of this study were shown as follows: (1) Patients: patients with acute or chronic CAS; (2) Control: standard statin therapy, which defined as daily dose of atorvastatin ≤20 mg, simvastatin ≤60 mg, rosuvastatin ≤10 mg, or any dose of pravastatin, lovastatin, or fluvastatin; (3) Intervention: intensive statin therapy, which defined as daily dose of various statins types were higher than the standard statin therapy^[@R26]^; (4) Outcomes: the incidence of stroke in intervention and control groups; (5) Study design: study designed as RCT; (6) Sample size \>1000; (7) Follow-up duration \>1 year. Study with observational design was excluded because of various uncontrolled biases.

Data Collection and Quality Assessment {#s2-2}
--------------------------------------

The following data were collected from the retrieved studies: the study group\'s name, publication year, country, sample size, mean age, percentage of male, disease status, percentage of diabetes mellitus (DM), percentage of hypertension, percentage of current smoker, percentage of prior myocardial infarction (MI), percentage of peripheral arterial disease (PAD), intervention, control, follow-up duration, and the prevalence of stroke in each group. The Jadad scale was used to assess the methodological quality as it is the comprehensive quantitative method for assessing the quality of RCTs in a meta-analysis.^[@R27]^ This score of the scale ranged from 0 to 5 and is based on randomization (1 or 0), concealment of the treatment allocation (1 or 0), blinding (1 or 0), completeness of follow-up (1 or 0), and the use of intention-to-treat analysis (1 or 0. The data collection and quality assessment were performed by 2 reviewers, and inconsistencies were adjudicated independently by referring to the original article.

Statistical Analysis {#s2-3}
--------------------

The effect of intensive versus standard statin therapy on the risk of stroke was calculated based on the event numbers occurred in each trial, and the pooled relative risk (RR) with the corresponding 95% confidence interval (CI) was calculated using the random-effects model.^[@R28],[@R29]^ The heterogeneity of the therapeutic effect of intensive versus standard statin therapy among the included trials was assessed by I^2^ and Q statistic, and significant heterogeneity was detected if I^2^ \> 50% or *P* \< 0.10.^[@R30],[@R31]^ Furthermore, sensitivity analysis evaluated the impact of a single study in the overall analysis by sequential removal of individual trials.^[@R32]^ The univariate meta-regression analyses were conducted based on sample size, mean age, percentage of male, percentage of DM, percentage of hypertension, percentage of current smoker, percentage of prior MI, percentage of PAD, and follow-up duration.^[@R33]^ Subgroup analyses for stroke were conducted based on sample size, mean age, percentage of male, percentage of DM, percentage of hypertension, percentage of current smoker, percentage of prior MI, percentage of PAD, disease status, and intervention, follow-up duration, and study quality. Also, the ratio of RR and the corresponding 95% CIs between subgroups were calculated using specific RRs and 95% CIs.^[@R34]^ Publication bias was assessed qualitatively by funnel plot and quantitatively by Egger and Begg tests.^[@R35],[@R36]^ The *P* value for the pooled result was two-sided, and the inspection level was 0.05. All statistical analyses were performed using STATA software (version 10.0; Stata Corporation, College Station, TX).

RESULTS {#s3}
=======

Search of the Published Literature {#s3-1}
----------------------------------

The electronic searches from PubMed, Embase, the Cochrane library, and [clinicaltrials.gov](http://clinicaltrials.gov) retrieved 2630 records, and 2594 were excluded as they were duplicates or irrelevant topics. A total of 36 studies were selected for further evaluations, and 31 studies were excluded because of the following reasons: placebo as the control group (n = 18), study reported same populations (n = 9), and sample size \<1000 (n = 4). Subsequently, 5 RCTs fulfilled the inclusion criteria and were selected for the final analysis.^[@R37]--[@R41]^ No additional eligible study was detected by a manual search of the reference lists of these 5 RCTs. The study selection process is illustrated in Fig. [1](#F1){ref-type="fig"}, and the baseline characteristics of the included trials are listed in Table [1](#T1){ref-type="table"}.

![Schematic representation of the study selection process.](jcvp-75-222-g001){#F1}

###### 

Baseline Characteristics of Studies Included in the Systematic Review and Meta-Analysis

![](jcvp-75-222-g002)

Characteristics of the Included Studies {#s3-2}
---------------------------------------

The included studies involved a total of 39,612 CAS patients and 1236 stroke events. The follow-up duration ranged from 3.0 to 6.7 years, and 4162--12,064 patients were included in each individual trial. All the trials were conducted in multiple centers, and 4 of the included trials were conducted in multicountries. Two trials included patients with the acute CAS, and the remaining 3 studies included patients with stable CAS. Three trials used atorvastatin, and the remaining 2 trials used simvastatin as the intensive therapy. One trial scored a Jadad scale of 5, 2 trials scored 4, and the remaining 2 trials scored 3.

Meta-Analysis and Sensitivity Analysis {#s3-3}
--------------------------------------

After pooling all the included trials, the intensive statin therapy significantly reduced the risk of stroke as compared to standard statin therapy in CAS patients (RR: 0.86; 95% CI: 0.77--0.96; *P* = 0.008; Fig. [2](#F2){ref-type="fig"}), and no significant heterogeneity was noted across included trials (I^2^: 0%; *P* = 0.742). Sensitivity analysis indicated that the summary result was not associated with statistical significance after excluding the trial conducted by Treating to New Targets (TNT),^[@R39]^ which specifically used atorvastatin 10 mg as standard therapy that was associated with a large therapeutic effect between intensive and standard statin therapies (Fig. [3](#F3){ref-type="fig"}).

![Intensive versus lipid-lowering therapies on the risk of stroke.](jcvp-75-222-g003){#F2}

![Sensitivity analysis.](jcvp-75-222-g004){#F3}

Meta-Regression and Subgroup Analyses {#s3-4}
-------------------------------------

Univariate meta-regression analyses demonstrated that sample size (*P* = 0.715; see **Figure S1, Supplemental Digital Content 1**, <http://links.lww.com/JCVP/A438>), mean age (*P* = 0.488; see **Figure S2, Supplemental Digital Content 1**, <http://links.lww.com/JCVP/A438>), percentage of male (*P* = 0.580; see **Figure S3, Supplemental Digital Content 1**, <http://links.lww.com/JCVP/A438>), percentage of DM (*P* = 0.461; see **Figure S4, Supplemental Digital Content 1**, <http://links.lww.com/JCVP/A438>), percentage of hypertension (*P* = 0.461; see **Figure S5, Supplemental Digital Content 1**, <http://links.lww.com/JCVP/A438>), percentage of current smoker (*P* = 0.945; see **Figure S6, Supplemental Digital Content 1**, <http://links.lww.com/JCVP/A438>), percentage of prior MI (*P* = 0.480; see **Figure S7, Supplemental Digital Content 1**, <http://links.lww.com/JCVP/A438>), percentage of PAD (*P* = 0.584; see **Figure S8, Supplemental Digital Content 1**, <http://links.lww.com/JCVP/A438>), and follow-up duration (*P* = 0.586; see **Figure S9, Supplemental Digital Content 1**, <http://links.lww.com/JCVP/A438>) did not play a significant role in the risk of stroke. Subgroup analysis suggested that intensive statin therapy significantly reduced the risk of stroke when the mean age of patients ≥60 years (RR: 0.86; 95% CI: 0.77--0.96; *P* = 0.007), percentage of male ≥80% (RR: 0.86; 95% CI: 0.77--0.97; *P* = 0.011), percentage of DM ≥15% (RR: 0.78; 95% CI: 0.64--0.96; *P* = 0.018), percentage of hypertension ≥50% (RR: 0.78; 95% CI: 0.63--0.98; *P* = 0.030), percentage of current smoker \<30% (RR: 0.86; 95% CI: 0.77--0.97; *P* = 0.011), percentage of prior MI ≥50% (RR: 0.86; 95% CI: 0.77--0.97; *P* = 0.011), percentage of PAD ≥10% (RR: 0.78; 95% CI: 0.63--0.98; *P* = 0.030), patients with stable CAS (RR: 0.86; 95% CI: 0.77--0.97; *P* = 0.011), patients received atorvastatin (RR: 0.83; 95% CI: 0.71--0.96; *P* = 0.015), follow-up duration ≥3 years (RR: 0.86; 95% CI: 0.77--0.97; *P* = 0.011), and study with moderate quality (RR: 0.82; 95% CI: 0.70--0.96; *P* = 0.013). However, no significant differences were observed between subgroups based on the predefined factors (Table [2](#T2){ref-type="table"}).

###### 

Subgroup Analysis

![](jcvp-75-222-g005)

Publication Bias {#s3-5}
----------------

The funnel plot for stroke is shown in Fig. [4](#F4){ref-type="fig"}, and the Egger (*P* = 0.770) and Begg (*P* = 0.806) test results did not reveal any evidence of publication bias.

![Funnel plot.](jcvp-75-222-g006){#F4}

DISCUSSION {#s4}
==========

The current meta-analysis investigated the association between intensive statin therapy and long-term stroke risk in CAS patients. The published data from 5 large-scale RCTs involved a total of 39,612 CAS patients and 1236 incident cases of stroke. The pooled result revealed that intensive statin therapy decreased the risk of stroke by 14% in CAS patients as compared to standard statin therapy. However, the therapeutic effect for CAS patients between intensive and standard statin therapies was variable and marginal. Thus, the intensive lipid-lowering therapy was preferable to standard lipid-lowering therapy for the treatment of CAS patients with mean age ≥60 years, percentage of male ≥80%, percentage of DM ≥15%, percentage of hypertension ≥50%, percentage of current smoker \<30%, percentage of prior MI ≥50%, percentage of PAD ≥10%, follow-up duration ≥3 years, patients with stable CAS, patients received atorvastatin, and study with moderate quality.

The quality of the included studies was evaluated using Jadad scale, and data on randomization, blinding, completeness of follow-up, and the use of intention-to-treat analysis were collected from all studies. Of these, 5 trials did not provide the information of concealed treatment allocation, whereas 2 studies did not report the details of randomization. Moreover, the sample size and follow-up duration were restricted to 1000 and 1 year, respectively. Furthermore, the sample size of meta-analysis was calculated, and the power was sufficient to detect the difference between intensive and standard lipid-lowering therapies on the risk of stroke. Therefore, the pooled result of this meta-analysis could reliably demonstrate the therapeutic effect of intensive versus standard lipid-lowering therapies on the risk of stroke in CAS patients.

Recently, several systematic reviews and meta-analyses have illustrated the therapeutic effect of intensive lipid lowering for the prevention of cardiovascular and cerebrovascular outcomes. Wang et al^[@R21]^ indicated that intensive statin therapy was more beneficial in preventing the risk of stroke in elderly patients than the standard statin therapy. Yan et al^[@R22]^ conducted a meta-analysis of 5 RCTs and found that intensive statin therapy was associated with a greater reduction in the serum lipid level and prevention of nonfatal MI, stroke, and coronary revascularization in elderly patients with coronary heart disease. Furthermore, the Cholesterol Treatment Trialists\' collaboration indicated that a reduction in lipid profile was associated with a greater reduction in the risk of heart attack, revascularization, and ischemic stroke.^[@R23]^ Josan et al^[@R24]^ demonstrated that intensive statin therapy further showed a reduction in lipid profile, MI, and stroke risk. Although the above studies provided comprehensive results regarding the therapeutic effects of intensive statin therapy, neither focused on the effect of intensive versus standard statin therapies on the risk of stroke in CAS patients. Moreover, whether the therapeutic effects of intensive versus standard statin therapies differed according to the patients\' characteristics is not elucidated. Therefore, the current quantitative meta-analysis was conducted to provide a comprehensive result about the therapeutic effect of intensive versus standard statin therapies on the risk of stroke in CAS patients.

The summary result of this study suggested that intensive versus standard lipid-lowering therapy was associated with a further reduction in the risk of stroke. Only 1 trial reported similar result, whereas the remaining 4 trials did not reveal any significant reduction in the risk of stroke. The TNT trial recruited 10,001 stable coronary heart disease patients with low-density lipoprotein \<130 mg/mL and a follow-up median of 4.9 years. Moreover, the study indicated that the risk of stroke in patients receiving 80 mg of atorvastatin daily was reduced by 24% than those receiving 10 mg daily. Patients receiving 80 mg of atorvastatin exhibit a further reduction in low-density lipoprotein from a baseline of 101 to 77 mg/dL, which could prevent 3.4% major cardiovascular events within the initial 5 years. Furthermore, the benefits of further reduction in low-density lipoprotein level \<100 mg/dL extended beyond the coronary heart disease-related vasculature.^[@R39]^ The remaining 4 RCTs did not yield a significant difference between intensive and standard lipid-lowering therapies on the risk of stroke due to the following reasons: (1) these trials were designed composite of cardiovascular and cerebrovascular outcomes as the primary outcome, and the sample size was not sufficient to detect the difference in the risk of stroke; and (2) various standard statin types and doses resulted in diverse therapeutic effects between intensive and standard lipid-lowering therapies.

Subgroup analyses indicated that the significant differences between intensive and standard lipid-lowering therapies on the risk of stroke were contributed by the mean age of patients ≥60 years, percentage of male ≥80%, percentage of DM ≥15%, percentage of hypertension ≥50%, percentage of current smoker \<30%, percentage of prior MI ≥50%, percentage of PAD ≥10%, patients with stable CAS, patients who received atorvastatin, follow-up duration ≥3 years, and the study with moderate quality. The reasons for these included (1) elderly, male, DM, hypertension, prior MI, and PAD attributable to increasing periprocedural stroke risk, and further intensive lipid-lowering therapy reduced the risk status and progression of stroke^[@R15],[@R42]--[@R46]^; (2) patients with prolonged follow-up duration were correlated with the cumulative morbidity of stroke, which plays a vital role in the weight from overall analysis; (3) the role of percentage of current smoker on the risk of stroke might be associated with coronary syndrome patients receiving clopidogrel, and smoker\'s paradox might affect the potential therapeutic effect of intensive and standard lipid-lowering therapies^[@R47]^; (4) patients with stable CAS probably had been treated with dual platelet inhibition treatment for a long period of time, which could affect the progression of stroke; (5) the quality of study was correlated with the balance of characteristics between intensive and standard lipid-lowering therapies that affect the pooled result.

Nevertheless, the present meta-analysis has several limitations: (1) the results about the incidence of fatal or nonfatal stroke were not available in 4/5 trials; (2) this study was based on the published studies, and thus, publication bias was inevitable; (3) subgroup analyses were based on multiple factors although only 5 RCTs were included in this meta-analysis. Therefore, the results of subgroup analyses might induce potential multiple comparison biases; (4) the risk of stroke for stratified analyses according to patients\' characteristics in each study was not available as the analysis was based on pooled data, which restricted the results of stratified analyses; (5) the analysis of this study based on RR reduction, whereas the absolute risk reduction was not calculated; (6) this study focused on the treatment effectiveness of intensive versus standard statin therapy on stroke, whereas the safety and cost-effectiveness were not addressed; and (7) patients in mostly trials contained patients from multicountries, and the ethnicity of patients from included trials was not available, which restricted us conducting the treatment effectiveness of intensive versus standard statin therapy according to ethnicity.

CONCLUSIONS {#s5}
===========

In conclusion, this meta-analysis demonstrated the benefit of intensive versus standard lipid-lowering therapies on the risk of stroke. Therefore, intensive statin therapy should be recommended for CAS patients at high risk of stroke. However, large prospective studies are essential to substantiate the results of the stratified analyses in this meta-analysis.
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